



































































































































High	 latitudes	 of	 the	 northern	 hemisphere	 are	 most	 vulnerable	 to	 climate	 warming,	 but	
impose	a	great	threat	due	to	positive	feedback	mechanism,	such	as	enhanced	greenhouse-
gas	emissions	as	a	consequence	of	permafrost	degradation.	In	the	Russian	Far-East,	however,	
predictions	 are	biased	due	 to	 large	 research	gaps.	Hence,	 further	 investigations	on	 recent	
climate	patterns	are	essential	to	achieve	better	estimates	for	future	environmental	change	in	
boreal	Russia.	
In	 this	 context,	 open	 surface	 waters,	 such	 as	 lakes,	 provide	 valuable	 information	 about	
precipitation	sources	and	seasonal	variability	in	remote	areas	of	Siberia.	Stable	water	isotopes	







There	 is	 no	 indication	 for	 evaporation	enrichment	 found	at	 Lake	Bol’shoe	Toko.	However,	
fractionation	alters	the	isotopic	composition	of	surface	waters	during	ice-cover	formation.	In	
contrast,	water	of	the	side	lake	“Bania	Lake”	(East	of	Lake	Bol’shoe	Toko)	is	enriched	in	heavy	
isotopes,	 indicating	 evaporative	 enrichment	 during	 summer,	 whereas	 water	 in	 a	 lagoon	
(South-East	of	Lake	Bol’shoe	Toko)	have	a	slightly	lower	isotopic	composition.	Waters	from	all	
three	 lakes	 are	 of	 Ca-Mg-HCO3-type	 and	 show	 unpolluted	 freshwater	 conditions	with	 low	













zukünftige	 Umweltveränderungen	 im	 borealen	 Russland	 besser	 vorhersagen	 zu	 können,	
benötigt	 es	 weiterer	 Studien	 über	 die	 rezenten	 Klimamuster.	 In	 diesem	 Zusammenhang	
können	 offene	 Oberflächengewässer,	 wie	 Seen,	 wertvolle	 Information	 über	




der	 Isotopen-	 und	 hydrochemischen	 Zusammensetzung	 wurde	 durchgeführt,	 um	 so	 ein	
tiefgründiges	Verständnis	der	rezenten	Hydrologie	zu	erhalten.	Die	Isotopenanalysen	zeigen	
nur	 geringe	 Schwankung,	 sowohl	 in	 der	 Fläche	 als	 auch	 in	 der	 Wassersäule.	 Die	
durchschnittliche	Isotopenzusammensetzung	von	δ18O	=	-18.2	±	0.2	‰	und	δD	=	-137	±	1	‰	
zeigte	keine	signifikanten	saisonalen	Veränderungen	zwischen	Sommer-	und	Winterprofil.	Es	
gab	 keine	 Anzeichen	 für	 evaporativen	 Anreicherungen	 im	 Bol’shoe	 Toko	 See.	 Jedoch	
verändern	 Fraktionierungsprozesse	 die	 Isotopenzusammensetzung	 von	 Oberflächenwässer	
während	der	Ausbildung	der	Seeeisschicht.	Im	Gegensatz	dazu	waren	Wasserproben	aus	dem	




HCO3-Type	 und	 zeigten	 nicht	 verschmutzte	 Frischwasserbedingungen	 mit	 geringer	











temperature	of	up	 to	+	11°C	 (Giorgetta,	2012).	 Increasing	 surface	 temperatures	enhanced	
permafrost	thawing	and	snow	cover	melting,	thus	leading	to	further	emission	of	greenhouse	
gases	 (e.g.	 methane)	 from	 soils	 and	 albedo	 reduction,	 respectively.	 Therefore,	 ongoing	
warming	 of	 high	 latitudes	 results	 in	 further	 global	 warming	 due	 to	 positive	 feedback	










in	 lake	 water	 hydrology	 were	 carried	 out	 by	 Craig	 and	 Gordon	 (1965)	 and	 subsequently	
improved	(e.g.	Dincer,	1968,	Zuber,	1983,	Gat,	1995).	With	the	beginning	of	the	new	millennia,	




hydrology	 controls	of	 lake	 systems,	e.g.	 in	 identifying	 source	water	and	different	drainage	
regions	 as	 well	 as	 acquiring	 knowledge	 about	 the	 geogenic	 background	 and	 limitation	 of	
aquatic	biota	(e.g.	Parnachev	and	Degermendzhy,	2002,	Rogora	et	al.,	2003).	Furthermore,	
information	 about	water	 hydrochemistry	 is	 essential	 for	 assessing	 possible	 anthropogenic	
influences	on	limnological	ecosystems	(e.g.	Reimann	et	al.,	1999).	






On	 this	basis,	multi-proxy	 studies	of	 lake	 sediments	 cores	 can	provide	high	 resolution	and	
continuous	 information	 on	 environmental	 and	 climatic	 change	 (Leng	 and	 Barker,	 2006),	
hence,	allowing	paleoclimate	reconstruction	from	a	terrestrial	perspective.		
At	 the	 Alfred-Wegener	 Institute	 Helmholtz	 Centre	 for	 Polar	 and	 Marine	 Research	 (AWI),	
bioindicators,	sedimentological	and	geochemical	data	of	lake	sediment	cores	from	different	
lake	 systems	 through	 Central	 and	 Eastern	 Siberia	were	 investigated	 (e.g.	 Biskaborn	 et	 al.,	
2012,	Biskaborn	et	al.,	2013,	Nazarova	et	al.,	2013,	Schleusner	et	al.,	2015)	within	the	SibLake	













(Weniger,	 2016)	 and	 diatoms	 (Dreßler,	 2016)	 have	 already	 been	 carried	 out.	 A	 thesis	 on	
oxygen	isotopes	in	sub	surface	diatoms	is	in	progress	(Wollenweber,	2017,	in	prep.).	In	this	
context,	 the	 presented	 study	 aims	 to	 provide	 import	 background	 information	 about	 the	
hydrological	 regime	 at	 Lake	 Bol’shoe	 Toko.	 For	 this,	 the	 isotopic	 and	 hydrochemical	































Bol’shoe	Toko)	and	 forms	deltaic	sediments.	A	second	unnamed	tributary	 river	 runs	 into	a	






















the	 climate	 regime	 of	 temperate	 continental	 climate	 (Shahgedanova,	 2002).	 The	 Siberian	
anticyclone,	a	regional	high	pressure	system	predominantly	active	between	November	and	
March,	 is	mainly	 responsible	 for	very	cold	winters,	with	clear	sky	and	 low	precipitation.	 In	
Summer,	 due	 to	 the	 landlocked	 position	 of	 Central	 Siberia,	maximum	 temperatures	 often	
exceed	+30°C.	As	the	atmosphere	is	depleted	in	moisture	and	central	Siberia	itself	is	shielded	








in	 the	 Summer	 months	 (223	 mm	 in	 June-August)	 as	 rainfall	 whereas	 precipitation	 from	






























element isotope atomic	mass natural	abundance
[%]
hydrogen 1 H 1 99.985
D 2 0.015
oxygen 16 O 16 99.76
17 O 17 0.04






Equation	1:	 !"#$%&' = )*+,-./)*0+12+32 	− 1 ∗ 1000	‰	
For	water	 isotopes,	 Craig	 (1961b)	 defined	 the	 Standard	Mean	Ocean	Water	 (SMOW)	 as	 a	
reference.	According	to	the	assumption	that	the	oceans,	as	uniform	and	very	large	reservoirs,	
are	 the	 basis	 of	 the	meteorological	 cycle,	 its	 δ-value	 was	 defined	 as	 0	‰.	When	 SMOW	
standard,	calibrated	from	an	old	US-reference	water,	was	exhausted,	the	International	Atomic	




Equation	2:	 !:;<"#$%&'	 = 	 =	>? =	>@ *+,-./=	>? =	>@ ABCDE − 1 ∗ 	1000	‰	




In	 each	 thermodynamic	 reaction,	 differences	 in	 reaction	 rates	 cause	 a	 disproportionate	
concentration	of	one	isotope	over	the	other.	This	enrichment	of	one	isotope	over	the	other	is	
called	isotopic	fractionation	and	expressed	by	the	fractionation	factor	α	(Clark	and	Fritz,	1997).	
The	 factor	 is	defined	as	 the	 isotope	 ratio	 in	a	 compound	A	divided	by	 the	 isotope	 ratio	 in	
compound	B	(Hoefs,	2015).		








Depending	 on	 the	 physicochemical	 reaction,	 the	 isotope	 partitioning	 occurs	 under	 either	
equilibrium	or	kinetic	conditions	both	of	which	are	fundamental	in	the	hydrological	cycle.	Due	
to	wind	 shear,	 sea	 surface	 temperature,	 salinity	 and,	most	 importantly,	 relative	 humidity,	





water-vapor	 is	 depleted	 in	 heavy	 isotopes	 relative	 to	 the	 ocean	 basin.	With	 temperature	
increase,	 the	 fractionation	 factor	 α	 decreases,	 because	 lighter	 and	 heavier	 isotopes	 get	
evaporated	more	equally	(Hoefs,	2015).	
In	 contrast,	 condensation	 occurs	 under	 equilibrium	 conditions	 as	 initial	 rainout/droplet	
formation	requires	a	relative	humidity	of	100%.	According	to	the	concept	described	above,	
heavier	water	molecules	 (enriched	 in	 18O	 and	 D)	 favorably	 condense	 into	water	 droplets.	
Therefore,	 atmospheric	 moisture	 gets	 further	 depleted	 in	 heavy	 isotopes	 with	 each	




linear	 correlation	 between	 18O	 and	D	 in	 global	 fresh	waters,	 described	 as	 global	meteoric	
water	line	(GMWL)	with	the	following	equation:	
Equation	5:	GMWL:		 !F = 8 ⋅ !:;< + 10	‰	 RS<T 		
Three	 decades	 later,	 Rozanski	 et	 al.	 (1993)	 refined	 this	 relationship	 based	 on	 global	
precipitation	data	from	the	Global	Network	for	Isotopes	in	Precipitation	(GNIP):	





(Figure	 I).	 The	 interception	of	 the	GMWL	with	 the	δD	at	10	‰	reflects	 the	global	average	
relative	humidity	of	85	%	(Hoefs,	2015).	Dansgaard	(1964)	first	characterized	the	deuterium	
excess	(d-excess)	in	global	precipitation	as:




These	 variations	 are	 then	 expressed	 in	 local	meteoric	water	 lines	 (LMWL)	with	 respective	
slopes	and	intercepts.	
In	general,	a	cooler	region	has	more	negative	(lower)	isotopic	composition,	whereas	warmer	









the	GMWL.	 Correspondingly,	 humid	moisture	 sources	 plot	 below	 the	GMWL	 (Figure	 4).	 If	



























precipitation	event	(Dansgaard,	1964).	While	humidity	 is	 low	during	 light	rain,	 it	 is	high	for	











A	 gas	mass	 spectrometer	 consists	 of	 an	 inlet	 system,	 an	 ion	 source,	 the	 flight	 tube	 with	
installed	electro-magnet	and	a	detection	unit	(see	Figure	5).	Within	the	ion	source,	a	heated	
tungsten-coated	 iridium	 filament	 ionizes	 a	 H2	 or	 CO2	 gas	 stream	 entering	 from	 the	 inlet	
system.	 Subsequently,	 the	 positively	 charged	 gas	 molecules	 are	 accelerated	 by	 a	 voltage	




















The	 MS	 output	 is	 processed	 with	 ISODAT	 (version	 5.2)	 to	 express	 the	 δ-values	 as	 ‰-
differences	relative	to	the	international	standard	VSMOW	(Meyer	et	al.,	2000).	
If	 the	 internal	 error	 (1σ)	 exceeds	 ±0.8	‰	 for	 δD	 and	 ±	 0.1	‰	 for	 δ18O,	 respectively,	 the	
measurement	is	repeated.	Additionally,	to	ensure	quality	control,	six	to	eight	sample	bottles	
per	 unit	 are	 filled	with	 various	 standard	waters.	 The	 standards	 are	 selected	 to	match	 the	



















Within	 the	 ions	 electrons	 are	 excited	 to	 higher	 energy	 levels	 (orbitals)	 emitting	
electromagnetic	waves	when	they	 jump	back	to	their	orbital	of	origin.	These	characteristic	
wavelengths	create	a	spectrum	of	light	which	is	analyzed	by	OES	unit.	
In	 the	OES	unit	 the	emitted	 light	 is	 first	 focused	using	toroidal	mirrors	and	then	diffracted	
using	an	echelle	grating.	Secondly,	the	light	is	split	into	a	visible	and	a	UV	light	fraction	using	







until	 it	 reaches	 a	 pH-value	 of	 4.3.	 The	 amount	 of	 acid	 used	 is	 then	 calculated	 into	 the	
concentration	of	bicarbonate	in	water.	















To	 analyze	 the	 anion	 composition	 of	 water	 samples,	 a	 IC	 Dionex	 DX	 320	 ion	 exchange	
chromatograph	was	used.		
An	 ion	exchange	 chromatograph	 (IC)	 consists	of	 a	mobile	phase,	 a	 stationary	phase	and	a	
detector	unit.	The	mobile	phase	is	an	eluent	into	which	the	sample	(analyte)	is	injected.	The	
stationary	phase	consists	out	of	a	polymer	matrix	with	countercharged	ions.	When	the	mobile	
phase	 is	pumped	 into	 the	 separation	 column,	 the	 stationary	phase	 retains	 the	 ions	of	 the	











solution,	 water	 ions	 tend	 to	 accumulate	 around	 silicate	 groups	 resulting	 in	 a	 potential	
(voltage).	 This	 potential	 is	 proportional	 to	 the	 pH-value	 of	 the	 solution.	 The	 reference	






was	 used.	 In	 the	 sensor	 a	 luminophor	 is	 excited	 by	 light	 and	 its	 decay	 is	 measured	 by	 a	


























To	 describe	 the	 variability	 of	 the	 isotopic	 composition	 at	 Lake	 Bol’shoe	 Toko	 (in	 figures	
abbreviated	as	“BT”),	the	data	is	subdivided	into	a	spatial	set	of	surface	water	samples	taken	
from	the	lake	and	a	set	of	water	samples	taken	vertically	along	the	water	column	at	different	
sites.	Additionally,	one	 ice	 core	of	80	 cm	depth	at	 sample	 site	PG2208,	 as	well	 as	 two	 ice	
sample	in	the	south	of	Lake	Bol’shoe	Toko	near	the	mouth	of	Utuk	River,	where	the	ice	cover	
was	unexpectedly	thin	(<	3.5	cm),	were	taken	and	analyzed	for	their	isotopic	composition	to	


































at	Bania	 Lake	 (δ18OBania	=	 -16.1	±	0.2	‰)	 showing	 clearly	an	enrichment	 in	heavy	 isotopes	
compared	to	Lake	Bol’shoe	Toko	and	the	lagoon.	
The	 isotopic	 composition	 of	 snow	 samples	 is	 depleted	 in	 heavy	 isotopes	 and	 range	
from	-30.8	‰	in	δ18O	(-227.9	‰	in	δD)	to	-41.1	‰	in	δ18O	(-30	6.9	‰	in	δD).	With	exception	
of	two	samples,	all	snow	samples	are	located	above	the	GMWL	(Figure	7).	Vice	versa,	lake	ice	






Site	 δ18Ο	[‰]		 standard	 δD	[‰]	 standard	 d-excess	[‰]		 standard	
		 vs.	VSMOW	 deviation	 vs.	VSMOW	 deviation	 vs.	VSMOW	 deviation	
Mean	Isotopic	composition	of	snow	and	lake	ice	samples	at	Bol'shoe	Toko	 	
snow	 -35.2	 3.9	 -266	 30	 16	 4	
lake	ice	 -15.9	 0.4	 -122	 5	 6	 1	
	       
Mean	Isotopic	composition	of	water	samples	from	Lake	Bol'shoe	Toko	 	  
BT	Surface	 -18.6	 0.1	 -139	 1	 10	 1	
BT	March	2013	 -18.4	 0.2	 -138	 2	 9	 1	
BT	August	2012	 -18.2	 0.3	 -137	 2	 8	 1	
PG2208	 -18.2	 0.2	 -137	 1	 9	 1	
	       
Mean	Isotopic	composition	of	the	lagoon	and	Bania	Lake	 	   
lagoon	 -18.9	 0.2	 -144	 1	 7	 1	



































Comparing	 both	 profiles,	 it	 is	 evident	 that	 a	 first	main	 shift	 appears	 at	 a	 depth	 of	 10	m,	
whereas	two	more	shifts	are	seen	in	the	profile	for	August.	Furthermore,	both	profiles	have	















A	shallower	profile	of	the	side	 lake	“Bania	Lake”	(6	m	in	water	depth)	 is	enriched	 in	heavy	
isotopes	compared	to	the	water	profiles	of	Lake	Bol’shoe	Toko	and	the	lagoon.	 Its	 isotopic	
composition	varies	slightly	between	-16.0	‰	at	3	m	and	-16.3	‰	at	the	surface	for	δ18O,	and	














though	 the	 lagoon	 shows	 a	 1.5-2	 times	 higher	 conductivity	 (64.5	 µS/cm)	 than	 the	 Lake	
Bol’shoe-Toko	(29.1	–	42.9	µS/cm,	35.0	µS/cm	in	average)	and	the	Bania	Lake	(40.4	µS/cm).	
All	basins	were	show	thermal	stratification,	with	four	identified	layers	for	the	Bol’shoe	Toko	












lagoon	and	the	side	 lake	Bania	Lake.	Whereas	the	 latter	plot	nearly	at	100	%	HCO3	- 	 (green	
diamonds	 and	 orange	 squares	 in	 Figure	 12),	 samples	 taken	 from	 Lake	 Bol’shoe	 Toko	 (red	
triangles)	have	a	minor	content	of	sulfate	and	chloride	(HCO3	- /SO{	cK/Cl-	=	80/17/3	[%]).	






For	 Lake	 Bol’shoe	 Toko,	 the	 highest	 concentrations	 of	 Aluminum	 (Al),	 Silicon	 (Si)	 and	






concentration	 of	 Al	 in	 waters	 is	 comparable	 to	 waters	 taken	 from	 the	 lagoon	 and	 its	 Sr	













from	the	Global	Network	of	 Isotopes	 in	Precipitation	 (GNIP)	and	from	Kloss	 (2008).	Spatial	
variations	 in	 the	 isotopic	 and	 hydrochemical	 composition	 at	 Lake	 Bol’shoe	 Toko	 and	 its	




















2003,	 Lee	et	al.,	2003).	Although,	 this	pattern	of	precipitation	 is	 still	unclear	 (Kurita	et	al.,	
2004),	it	might	be	responsible	for	the	high	range	in	annual	precipitation	(≈232	to	≈640	mm,	










(Butzin	 et	 al.,	 2014).	 When	 checking	 the	 model’s	 consistency	 versus	 GNIP	 data	 taken	 at	
Yakutsk,	this	becomes	evident.	The	OIPC	calculates	an	annual	mean	of	-14.5	‰	in	δ18O	and	-
113	‰	in	δD,	respectively,	whereas	annual	means	based	on	daily	precipitation	are	-20	‰	in	






















precipitation	event	 (02	April	 2013)	was	 captured.	The	mean	 isotopic	 composition	of	 these	
snow	 sample	 was	 -35.2	 ±	 3.9	‰	 in	 δ18O	 and	 -266	 ±	 30	‰	 in	 δD,	 respectively,	 which	 is	







































fractionation	 influence	 is	 limited	 to	 the	 uppermost	 10	 m	 of	 the	 water	 column	 and	 Lake	
Bol’shoe	Toko	is	deeper	than	10	m	for	the	majority	of	its	extension.	
The	 three	sampled	basins,	however,	have	a	distinct	 isotopic	signal	 (Figure	7).	The	heaviest	
(highest)	 isotopic	 composition	was	measured	at	 the	much	 shallower	and	 smaller	 side	 lake	




shifted	 underneath	 the	 GMWL	 and	 correlates	 better	 with	 the	 local	 meteoric	 water	 line	





to	 evaporation	 which	 decreases	 the	 d-excess	 of	 the	 residue	 water.	 Consequently,	 during	
summer,	 the	 initial	 isotopically	 depleted	 melt-water	 feeding	 Bania	 Lake	 gets	 enriched	 as	
lighter	waters	are	preferably	turned	into	vapor.	This	enrichment	is	enhanced	due	to	the	shape	








into	 the	 lagoon.	 Due	 to	 its	 connection	 to	 Lake	 Bol’shoe	 Toko,	 the	 lagoon	 then	 acts	 like	 a	









record,	derived	 from	a	sediment	core	 from	Bania	Lake,	 indicated	4-5	m	higher	water	 level	
compared	 to	 present	 Bania	 Lake,	 as	 well	 as	 colder	 water	 temperatures	 and	 oligotrophic	
conditions	 similar	 to	 present	 Lake	 Bol’shoe	 Toko.	 With	 the	 onset	 of	 the	 Late	 Holocene,	
lowering	water	levels	led	to	the	present	separation	of	both	lakes.	Additionally,	this	area	was	
reported	 as	 a	 lake	 terrace	 (Kornilov,	 1962,	 Konstantinov,	 2000)	 which	 supports	 this	
	 30	
hypothesis.	 An	 increase	 in	 shallow	water	 area	might	 have	 increase	 evaporation	 and	 thus	
leading	to	enrichment	 in	heavy	 isotopes	and	hence	higher	δ18O-values,	at	 least	 for	surface	












is	 a	 state	 of	 aggregation	 with	 higher	 intermolecular	 bonding,	 heavier	 isotopes	 are	
preferentially	turned	into	ice	leaving	the	uppermost	water	layer	(from	which	the	ice	is	formed)	
isotopically	depleted.	Mixture	of	 the	depleted	waters	with	 the	rest	of	 the	water	column	 is	
Figure	15:	 Isotope-depth	 profiles	 for	both	water	 (red)	and	 lake	 ice	 (turquoise)	at	 site	 PG2208,	 Lake	
Bol’shoe	Toko	taken	in	March	2013.	Negative	depth	values	display	the	thickness	of	the	ice	cover	in	m.	
	 31	
suppressed	 by	 temperature	 stratification	 under	 the	 ice	which	 is	 distinct	 for	 Lake	 Bol’shoe	
Toko.	 A	 temperature	 increase	 from	 2	m	 to	 5	 m	 was	 observed	 which	 correlates	 with	 the	
maximum	shift	in	δ18O	(0.35	‰)	and	δD	(1.9	‰).	For	waters	below	the	upper	water	layer	(10	
m	for	Lake	Bol’shoe	Toko)	 the	 isotope	signal	 is	uniform	 indicating	a	very	well	mixed	water	






























signals.	 Due	 to	 ongoing	 mixing,	 these	 variations	 are	 then	 evened.	 In	 conclusion,	 such	










composite	 salinity	 source	 of	 igneous	 rocks	 overwritten	 by	 weathering	 of	


















Consequently,	 based	 on	 the	 major	 ion	 composition,	 water	 supply	 from	 slightly	 different	
sources	for	each	basin	is	suggested.	









to	stronger	 influx	of	 silicon	 is	unlikely,	 since	sources	of	 silicon	are	mainly	 silicate	minerals.	
Nonetheless,	the	relative	enrichment	of	silicon	in	the	lagoon	water	may	be	due	to	inhibited	
uptake	 by	 e.g.	 diatoms,	 higher	 recycling	 rates	 of	 silicon	 from	 the	 sediments	 and/or	 prior	
enrichment	 in	 the	pond	 feeding	 the	 lagoon.	Lastly,	higher	 strontium	concentrations	at	 the	
lagoon	 than	measured	at	 Lake	Bol’shoe	Toko	or	Bania	Lake	are	corresponding	with	higher	
calcium	 and	 bicarbonate	 concentration,	 since	 strontium	 behaves	 geochemically	 similar	 to	
calcium	and	therefore	is	commonly	associated	with	calcite	(e.g.	Odum,	1951,	Faure,	1977).		
In	summary,	the	ionic	composition	of	waters	at	Lake	Bol’shoe	Toko,	lagoon	and	Bania	Lake	
reflect	 the	 geomorphologic	 and	 geologic	 setting	 of	 the	 study	 area.	 The	 Utuk	 river	 which	
discharges	 into	Lake	Bol’shoe	Toko	springs	 in	the	predominantly	mafic	Stanovoi	mountains	
and	then	runs	over	Cretaceous	and	Jurassic	sedimentary	rocks	hence	uptakes	both	signals	due	





Lake	 shows	 slightly	 higher	 Ca,	Mg,	 HCO3	 concentrations	 than	 Bol’shoe	 Toko	 but	 lack	 the	
igneous	signal	of	SO4,	Al	and	Si.	Additionally,	higher	soil-water	interaction	before	running	into	
the	corresponding	lake	basins	is	reflected	in	the	iron	and	manganese	signature	of	Bania	Lake	
and	 lagoon	water,	 as	 iron	 and	manganese	 input	 is	 generally	 caused	by	 anoxic	weathering	
conditions	of	soils	(Wetzel,	2001).		
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Although	 all	 three	 lakes	 are	 of	 similar	 latitude,	 they	 show	 significant	 differences	 in	 their	
isotopic	compositions	and	its	link	to	precipitation.		
Bol’shoe	 Toko	 and	 Two-Yurts	 are	 isotopically	 non-stratified	 and	 well-mixed.	 Evaporative	
enrichment	during	summer	is	not	present.	Additionally,	both	lakes	have	low	conductivities	in	
common.	Primarily	responsible	are	their	similar	settings,	as	both	are	elongated	through-flow	
lake	 system	 in	 a	mountainous	 region.	 Two-Yurts	 Lake,	 as	well	 as	 Lake	 Bol’shoe	 Toko,	 are	
predominantly	 fed	by	river	run-off	and	precipitation	resulting	 in	a	close	 link	of	 the	 isotope	
signal	 between	 lake	 water	 and	 precipitation.	 Their	 waters	 are	 situated	 along	 the	 GMWL.	
However,	Lake	Bol’shoe	Toko	is	 isotopically	lighter	than	Two-Yurts	Lake,	possibly	due	to	its	

























over	 the	 Arctic	 Ocean	 and	 Sea	 of	 Okhotsk.	 Due	 to	 its	 continental	 setting,	 the	 isotopic	
composition	of	precipitation	is	depleted	in	heavy	isotopes	and	has	a	strong	seasonal	signal.	
However,	this	seasonality	is	not	reflected	in	the	isotopic	composition	of	the	lake,	due	to	large	
amounts	 of	 riverine	 input	 of	 meltwater	 and	 a	 well-mixed	 water	 body.	 Furthermore,	 the	
isotopic	 compositions	 of	 Lake	 Bol’shoe	 Toko	 (δ18OBolshoe=	 -18.2	 ±	 0.2	‰)	 and	 the	 lagoon	
(δ18OBolshoe=	 -18.9	 ±	 0.2	 ‰)	 correspond	 with	 the	 GMWL	 and	 do	 not	 show	 evaporative	
enrichment.	 Both	 isotopic	 and	 hydrochemical	 data	 indicate	 atmospheric	 precipitation	 and	
meltwater	as	the	main	water	source.	Accordingly,	δ18OBolshoe	is	directly	linked	to	δ18Oprecipitation.		















In	 further	 investigations	 on	Bol’shoe	 Toko,	 the	 isotopic	 composition	 of	 biogenic	 silicate	 in	
diatoms	in	sediment	surface	samples	will	be	analyzed	(in	process)	and	water/diatom	isotopic	





and	 lake	expanse.	 Future	 investigation	 should	also	account	 for	 changes	 in	δ18Owater	due	 to	
glacial	 advances	 and	 retreats,	 since	 large	 amounts	 of	 meltwater	 discharge	 may	 alter	 the	
isotopic	composition	of	the	lake	water	and	hence	influencing	the	link	between	isotopes	in	lake	
water	and	precipitation.	
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Site	 δ18Ο	[‰]	vs.	 δD	[‰]	vs.	 d-excess	[‰]	vs.	
		 VSMOW	 VSMOW	 VSMOW	
Snow	cover	samples	from	various	locations	 	  
PG2206,	0-33	cm	 -33.45	 -257.0	 10.5	
PG2116-X13	 -35.86	 -268.7	 18.2	
PG2116-X16	 -37.95	 -285.2	 18.4	
PG2122,	0-21	cm	 -36.86	 -283.5	 11.5	
PG2122,	21-31	cm	 -41.14	 -306.9	 22.2	
PG2122,	31-47	cm	 -30.43	 -227.9	 15.5	
	    
Precipitation,	collected	during	snow	fall	on	02	April	2013	 	
BT	Snow	02.04.2013	 -30.81	 -229.4	 17.0	
	    
Surface	ice	samples	 	   
PG2116-X13	 -15.38	 -115.3	 7.8	
PG2116-X16	 -14.95	 -111.1	 8.5	
	    
PG2208,	ice	core,	numbers	indicate	depth	in	cm	 	  
0-10	 -16.52	 -126.7	 5.5	
10-20	 -16.00	 -123.7	 4.3	
20-30	 -16.27	 -125.2	 5.0	
30-40	 -16.05	 -123.2	 5.2	
40-50	 -16.09	 -123.7	 5.0	
50-60	 -15.97	 -123.1	 4.7	
60-70	 -15.84	 -122.3	 4.5	
70-82	 -16.00	 -122.3	 5.7	
	 ii	
Table	4:	Isotope	and	hydrochemistry	data	for	all	water	samples	taken	in	March	2013	(continues	on	page	XI).	
Sample	depth	 δ18Ο		[‰]	vs.	 δD	[‰]	vs.	 d-excess	[‰]	vs.	 Temperature	 Oxygen	content	 Conductivity	 pH	 Ca2+	 Mg2+	 Na+	
[m]	 VSMOW	 VSMOW	 VSMOW	 [°C]	 [%]	 [µS/cm]	 	 [mg/l]	 [mg/l]	 [mg/l]	
PG2208,	water	depth	profile	of	Lake	Bol'shoe	Toko	 	 	 	 	 	 	 	
0	 -18.5	 -138.5	 9.4	 0.5	 110.9	 35.1	 6.8	 4.73	 1.09	 0.78	
2	 -18.56	 -138.4	 10	 0.5	 119.9	 35.6	 7.0	 4.69	 1.07	 0.72	
5	 -18.21	 -136.5	 9.2	 1.5	 110.4	 32.1	 7.1	 4.10	 0.90	 0.64	
10	 -18.1	 -136.5	 8.3	 1.8	 108.9	 29.5	 7.0	 3.82	 0.86	 0.55	
20	 -18.11	 -136.1	 8.8	 2.5	 111.6	 31.2	 7.0	 3.84	 0.84	 0.61	
30	 -18.11	 -136.6	 8.2	 2.5	 108.1	 29.7	 7.0	 3.89	 0.87	 0.57	
40	 -18.14	 -136.1	 9	 2.5	 111.5	 29.1	 6.9	 3.81	 0.84	 0.63	
50	 -18.12	 -136.3	 8.7	 4	 102.4	 29.9	 7.0	 3.71	 0.84	 0.63	
60	 -18.14	 -136.2	 8.9	 4	 101.9	 30.8	 7.0	 3.84	 0.87	 0.54	
68	 -18.11	 -135.3	 9.6	 4	 101.3	 32.1	 6.7	 4.10	 0.91	 1.13	
	 	 	 	 	 	 	 	 	 	 	
PG2122,	water	depth	profile	of	the	lagoon	 	 	 	 	 	 	 	 	
0	 -19.21	 -145.3	 8.4	 0.5	 108.4	 67.8	 7.0	 9.01	 2.71	 1.61	
2	 -19.00	 -144.0	 8.0	 0.5	 115.0	 66.0	 7.0	 8.52	 2.56	 1.59	
5	 -18.88	 -143.6	 7.4	 2.5	 103.7	 61.0	 7.0	 7.99	 2.39	 1.48	
10	 -18.80	 -143.7	 6.7	 2.8	 106.7	 60.3	 6.9	 7.73	 2.36	 1.40	
18	 -18.85	 -143.9	 6.9	 3.0	 88.6	 67.4	 6.7	 8.48	 2.48	 1.54	
	 	 	 	 	 	 	 	 	 	 	
PG2131,	water	depth	profile	of	Bania	Lake	 	 	 	 	 	 	 	 	
0	 -16.22	 -131.8	 -2.0	 0.5	 92.5	 42.6	 6.5	 5.44	 2.05	 1.10	
3	 -15.92	 -130.0	 -2.6	 2.5	 92.1	 38.7	 6.4	 4.69	 1.48	 0.71	
6	 -16.01	 -130.9	 -2.9	 4.0	 92.9	 40.0	 6.5	 4.82	 1.57	 0.78	
	 	 	 	 	 	 	 	 	 	 	
Surface	Samples,	PG-number	indicates	sample	location	 	 	 	 	 	 	 	
PG2116-X13	 -18.48	 -138.5	 9.3	 na	 99.4	 42.9	 6.9	 5.52	 1.23	 1.07	
PG2116-X14	 -18.59	 -138.6	 10.1	 na	 96.2	 42.5	 6.8	 5.26	 1.20	 0.83	
PG2124	 -18.63	 -139.4	 9.7	 na	 110.4	 37.9	 7.0	 4.68	 1.07	 0.77	
PG2125	 -18.43	 -138.2	 9.2	 na	 108.9	 39.1	 7.2	 4.91	 1.13	 0.79	
PG2126	 -18.71	 -139.3	 10.4	 na	 113.1	 36.6	 7.1	 4.70	 1.10	 0.76	
PG2204	 -18.68	 -140.0	 9.5	 na	 104.8	 38.5	 6.9	 5.03	 1.16	 0.79	
PG2207	 -18.72	 -140.2	 9.6	 na	 100.9	 38.4	 6.9	 5.00	 1.16	 0.74	





Sample	depth	 K+	 HCO3-	 SO42-	 Cl-	 Si	 NO3-	 Al	 Sr	 Fe	 Mn	
[m]	 [mg/l]	 [mg/l]	 [mg/l]	 [mg/l]	 [mg/l]	 [mg/l]	 [µg/l]	 [µg/l]	 [µg/l]	 [µg/l]	
PG2208,	water	depth	profile	fof	Lake	Bol'shoe	Toko	 	        
0	 0.36	 13.58	 2.47	 0.51	 1.93	 0.82	 79.88	 25.86	 26.90	 <	20	
2	 0.34	 13.12	 2.51	 0.50	 1.91	 0.82	 77.06	 24.85	 29.06	 <	20	
5	 0.29	 12.81	 2.17	 0.49	 1.74	 0.67	 69.52	 22.44	 24.34	 <	20	
10	 0.27	 11.90	 2.10	 0.49	 1.63	 0.62	 62.67	 20.69	 <	20	 <	20	
20	 0.28	 12.36	 2.05	 0.49	 1.64	 0.66	 64.51	 20.74	 20.89	 <	20	
30	 0.28	 11.44	 1.99	 0.50	 1.60	 0.72	 64.63	 20.54	 25.16	 <	20	
40	 0.28	 12.36	 2.06	 0.50	 1.64	 0.64	 66.36	 20.87	 26.56	 <	20	
50	 0.28	 11.44	 2.03	 0.49	 1.62	 0.67	 61.63	 20.26	 <	20	 <	20	
60	 0.27	 14.03	 1.96	 0.49	 1.69	 0.70	 59.92	 21.18	 24.01	 <	20	
68	 0.53	 14.19	 2.01	 0.49	 1.85	 0.69	 75.55	 22.68	 282.36	 416.97	
	           
PG2122,	water	depth	profile	of	the	lagoon	 	        
0	 0.40	 37.52	 0.51	 0.55	 3.01	 0.29	 43.19	 90.57	 147.56	 <	20	
2	 0.40	 35.85	 0.48	 0.53	 2.92	 0.25	 39.73	 86.24	 142.65	 <	20	
5	 0.38	 33.10	 0.52	 0.51	 2.71	 0.28	 41.63	 80.10	 132.91	 <	20	
10	 0.34	 32.64	 0.48	 0.69	 2.63	 0.33	 36.30	 78.01	 131.20	 <	20	
18	 0.36	 36.46	 0.53	 0.52	 3.10	 0.40	 29.50	 86.03	 361.36	 375.28	
	           
PG2131,	water	depth	profile	of	Bania	Lake	 	        
0	 0.40	 21.81	 0.55	 0.67	 1.27	 0.70	 42.05	 35.17	 180.94	 <	20	
3	 0.27	 17.69	 0.32	 0.59	 1.21	 0.89	 37.45	 27.86	 308.01	 77.26	
6	 0.32	 18.61	 0.29	 0.53	 1.41	 0.94	 35.95	 29.64	 451.89	 84.19	
	           
Surface	Samples,	PG-number	indicates	sample	location	 	        
PG2116-X13	 0.58	 16.78	 2.96	 0.71	 2.30	 0.83	 73.16	 28.59	 132.97	 20.05	
PG2116-X14	 0.41	 16.47	 2.91	 0.67	 2.27	 0.85	 71.75	 27.57	 124.64	 <	20	
PG2124	 0.36	 14.80	 2.66	 0.60	 1.98	 0.82	 75.54	 26.28	 24.96	 <	20	
PG2125	 0.40	 15.41	 2.95	 0.60	 2.05	 0.88	 73.31	 26.29	 33.13	 <	20	
PG2126	 0.37	 15.10	 2.77	 0.58	 2.05	 0.89	 77.62	 26.07	 22.22	 <	20	
PG2204	 0.39	 15.56	 2.71	 0.54	 2.13	 0.74	 84.78	 27.42	 24.22	 <	20	
PG2207	 0.37	 15.71	 2.72	 0.51	 2.11	 0.82	 82.18	 27.40	 24.56	 <	20	
	 iv	
Table	 6:	 Isotope	 data	 for	 water	 samples	 taken	 in	 August	 2012	 (sampled	 by	 Pestryakova,	
measured	at	AWI	Laboratory)	
Sample	depth	 δ18Ο	[‰]	vs.	 δD	[‰]	vs.	 d-excess	[‰]	vs.	 Temperature	
[m]	 VSMOW	 VSMOW	 VSMOW	 [°C]	
water	depth	profile	taken	in	August	2012	 	   
0	 -17.89	 -134.4	 8.7	 11.5	
2	 -17.97	 -135.9	 7.9	 11.5	
4	 -17.90	 -136.1	 7.2	 11.5	
6	 -17.85	 -134.2	 8.6	 11.5	
8	 -18.04	 -134.4	 9.9	 10.9	
10	 -18.14	 -134.3	 10.8	 10.2	
12	 -18.11	 -136.9	 8.0	 9.4	
14	 -18.36	 -140.1	 6.8	 6.9	
16	 -18.21	 -138.4	 7.2	 8.7	
18	 -18.58	 -139.3	 9.3	 6.6	
20	 -18.41	 -139.0	 8.3	 7.5	
22	 -18.02	 -135.5	 8.6	 10.3	
24	 -18.50	 -139.5	 8.5	 7.6	
26	 -17.98	 -136.0	 7.8	 10.4	
28	 -18.33	 -138.9	 7.8	 7.5	
30	 -18.45	 -140.0	 7.6	 6.7	
32	 -18.61	 -141.2	 7.7	 5.0	
34	 -18.83	 -140.8	 9.8	 4.8	
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